activation. Consistent with the selection hypothesis, fMRI revealed greater LIPC activation during high selection compared to low selection conditions. Importantly with respect to the semantic retrieval hypothesis, the study by Thompson-Schill and colleagues (1997) also contained two low selection conditions that, although not requiring selection, were designed to putatively differ in semantic retrieval demands. Specifically, the conditions differed in the number of possible targets, either two or four, that were to be considered for their number of targets even though competition or selection putatively does not vary. FMRI failed to reveal such an increase. As noted by Thompson-Schill and colleagues for the cue "tick" was the strongly associated stimulus "[t]he absence of [LIPC] activity for this comparison "flea"). Thus, these low selection conditions also likely counters the argument that the effects of selection can constituted low controlled retrieval conditions, where be attributed solely to variations in degree of semantic performance could have been based on more automatic retrieval" (p. 14792). Critically, this finding stands as the semantic retrieval processes not mediated by LIPC. That most significant challenge to the hypothesis that LIPC is, the critical data that were proffered as being inconsismediates semantic retrieval even when selection detent with the initial semantic retrieval hypothesis and mands are nonexistent due to an absence of betweenthus were argued to support the selection account, may feature competition for recovery.
ultimately prove consistent with the hypothesis that Although these and related findings have led to accep-LIPC guides semantic retrieval but only under situations tance of the selection account by many theorists, here, were mnemonic control is required. we posit an alternative account of LIPC function that is Thus, although considerable effort has been devoted equally consistent with extant findings. Specifically, we to understanding the role of LIPC in the recovery of propose that LIPC contributes to controlled semantic meaning, a fundamental issue that is central to underretrieval. That is, LIPC mechanisms may guide the recovstanding the nature of prefrontal contributions to mneery of semantic knowledge under situations where premonic control, controversy nevertheless remains. To adexperimental associations or prepotent responses do dress this issue, the present event-related fMRI study not support the recovery of task-relevant knowledge systematically tested the selection and the controlled through more automatic mechanisms. When a strong semantic retrieval hypotheses of LIPC function under association exists between two elements, be they two conditions that paralleled the low selection conditions stimuli or a stimulus and a response, the presentation of Thompson-Schill and colleagues (1997). That is, subof the first element may yield sufficient activation of the jects performed a semantic decision task that required second element such that this associated representaaccess to global semantic knowledge and thus did not tion may be accessed relatively automatically. That is, require selection. In this task, subjects were presented the second element may be recovered even in the aba cue and had to determine which target from a set of sence of top-down facilitation or bias. Importantly, conpossible targets was most globally related to the cue siderable evidence suggests that prefrontal regions are (Figure 1 ). Controlled retrieval demands were manipuparticularly important for cognition and behavior under lated by varying the preexperimental associative conditions where strong stimulus-stimulus or stimulusstrength between the cue (e.g., "candle") and the correct response associations are absent (Norman and Shallice, target, with the target being either a strong (e.g., "flame") 1986; Cohen et al., 1996; Miller and Cohen, 2001). This or weak (e.g., "halo") associate of the cue. Moreover, increased role of prefrontal cortex when associations semantic retrieval demands were manipulated by varyare weak may reflect the greater need for top-down bias ing the number of possible targets, either two or four, signals to guide controlled access to or retrieval of the in the response set (Thompson-Schill et al., 1997). To the associate when presented the first element. extent that LIPC mediates controlled semantic retrieval, Here, we posit that LIPC may subserve controlled varying both the associative strength and the number semantic retrieval even when selection against competof targets should modulate LIPC activation: weaker asing knowledge is not required, although heightened sociative strength and more targets should elicit greater competition from irrelevant knowledge also may in-LIPC activation. By contrast, the selection hypothesis crease demands on this top-down control mechanism.
predicts that these factors should not affect the extent Importantly, the findings of Thompson-Schill and colof LIPC engagement (Thompson-Schill et al., 1997). leagues (1997) do not address this hypothesis because Thus, this factorial design permits two direct tests of the cue-target associative strength was quite strong in their low selection conditions (e.g., the target response these alternative hypotheses of LIPC function. 
Results

Behavioral Performance
Consideration of performance accuracy and response latencies revealed main effects of Associative Strength and of Number of Targets, as well as interactions (Table  1) . Accuracy was lower and reaction times (RTs) were longer for Weak than for Strong associative strength trials (accuracy, F(1,13) ϭ 121.78, p Ͻ .0001; RT, F(1,13) ϭ 266.00, p Ͻ .0001), and for 4-target than for 2-target trials (accuracy, F(1,13) ϭ 28.12, p Ͻ .0001; RT, F(1,13) ϭ 147.47, between the Weak/2-target and the Strong/4-target conditions that were accompanied by comparable RTs. This contrast revealed that both anterior LIPC and posciative strength was Weak. To further assess the effects terior LIPC were more sensitive to Associative Strength of Associative Strength, region-of-interest (ROI) analythan to Number of Targets, demonstrating greater actises were conducted on the significant foci identified as vation in the Weak/2-target condition (Table 2, Figure  3C ). Thus, even when duty cycle is held constant, LIPC activation is modulated by the degree of control required during semantic retrieval.
Task-Related Responses in Other Regions
Although the objective of the present study was to directly test competing theories regarding the role of LIPC in the recovery of semantic knowledge, it should be noted that a few other prefrontal regions demonstrated sults revealed three important outcomes. First, consistent with the hypothesis that LIPC subserves the While speculative, the present results raise the possibility that when controlled retrieval demands are particucontrolled retrieval of long-term semantic knowledge, the level of control required during semantic retrieval larly high, RIPC processes may be additionally recruited to guide the recovery of semantic knowledge. modulated LIPC activation. Importantly, these effects were observed within the context of a semantic decision Finally, the two hypotheses being tested, controlled retrieval and selection, both posit that LIPC plays a role task that did not require selection between competing semantic representations. Second, two anatomically in accessing semantic knowledge that is assumed to be represented elsewhere in posterior cortex (e.g., distinct regions within LIPC were observed to be sensitive to controlled retrieval demands, but the effects of . The primary source of evidence against the interpretation of LIPC function, the results revealed semantic retrieval hypothesis was the failure to observe greater LIPC activation when semantic retrieval deincreased activation under low selection conditions mands increased but selection was held constant. Colwhen semantic retrieval demands putatively varied (i.e., lectively, these data are inconsistent with the hypothesis when comparing a 4-target to a 2-target condition, that LIPC function is restricted to the selection of taskThompson-Schill et al., 1997). In contrast to this earlier relevant representations from amidst competing knowlreported null result, however, the present experiment edge. Rather, these data provide the strongest evidence provides clear evidence that an increase in the number to date indicating that LIPC mediates controlled semanof targets, and thus putative semantic retrieval detic retrieval. mands, elicits greater LIPC activation. This effect was observed in both posterior LIPC and anterior LIPC.
LIPC Activation Is Modulated by Controlled
One account for the discrepancy between the present Retrieval Demands findings and those of Thompson-Schill and colleagues Compelling support for the controlled semantic retrieval is that there was a strong association between the cue hypothesis derives from the present observation that and the correct target in all "low selection" trials in that LIPC activation increased as the cue-target associaearlier study ( , 2000) . Moreover, recent data indicate that anterior present event-related design likely encouraged strate-LIPC activation is selectively influenced by prior semangic engagement of controlled semantic retrieval mechatic processing, whereas posterior LIPC activation is nisms during all trials. Consistent with this perspective, modulated by earlier semantic and nonsemantic prothe present data revealed that LIPC activation was sencessing (Wagner et al., 2000a) . That is, experiencesitive to the number of targets when the cue-target assodependent reductions in engagement of anterior LIPC ciative strength was weak as well as when associative mechanisms appear to be specifically associated with strength was strong. increased automaticity of semantic access.
The effect of number of targets on LIPC activation is The present findings build on these prior observations consistent with the perspective that LIPC is sensitive as they indicate that, even in the absence of selection to increased semantic retrieval demands. However, it demands, greater controlled semantic retrieval requireshould be noted that moving from two to four targets ments elicit increased activation in both anterior LIPC also increases demands on phonological and lexical and posterior LIPC. Importantly, however, the present processes. Notably, increasing the number of targets in data further provide strong evidence for a differential the present study yielded increased activation in posterole of these two LIPC regions in controlled semantic rior LIPC, a region that has been previously implicated retrieval. demands, and thus our data do not indicate whether strength being weaker in the "high-selection" than in the anterior LIPC region observed to be differentially the "low-selection" conditions. Thus, such effects of sensitive to controlled retrieval demands is also modu-"selection demands" may actually reflect the influence lated by selection demands when cue-target associative of differing demands on controlled semantic retrieval. strength is held constant. Additional studies that cross Moreover, in contrast to a recent null report that preexselection demands with controlled retrieval demands perimental associative strength does not modulate left should serve to adjudicate between the two possibilities. prefrontal activation, a finding that was interpreted as Nevertheless, the present results provide some of supporting the selection hypothesis ( 
